There is an emerging realization from animal models that the immune response may have both detrimental and beneficial therapeutic effects during cancer virotherapy. However, there is a dearth of clinical data on the immune response to viral agents in patients. During a recently completed phase I trial of intravenous reovirus type 3 Dearing (RT3D), heavily pretreated patients with advanced cancers received RT3D at doses escalating from 1 Â 10 8 tissue culture infectious dose-50 (TCID 50 ) on day 1 to 3 Â 10 10 TCID 50 on 5 consecutive days of a 4 weekly cycle. A detailed analysis of the immune effects was conducted by collecting serial clinical samples for analysis of neutralizing anti-reoviral antibodies (NARA), peripheral blood mononuclear cells (PBMC) and cytokines. Significant increases in NARA were seen with peak endpoint titres 41/10 000 in all but one patient. The median fold increase was 250, with a range of 9-6437. PBMC subset analysis showed marked heterogeneity. At baseline, CD3+CD4+ T cells were reduced in most patients, but after RT3D therapy their numbers increased in 47.6% of patients. In contrast, most patients had high baseline CD3+CD8+ T-cell levels, with 33% showing incremental increases after therapy. In some patients, there was increased cytotoxic T-cell activation post-therapy, as shown by increased CD8+perfor-in/granzyme+ T-cell numbers. Most patients had high numbers of circulating CD3ÀCD56+ NK cells before therapy and in 28.6% this increased with treatment. Regulatory (CD3+CD4+CD25+) T cells were largely unaffected by the therapy. Combined Th1 and Th2 cytokine expression increased in 38% of patients. These data confirm that even heavily pretreated patients are capable of mounting dynamic immune responses during treatment with RT3D, although
Introduction
The development of oncolytic viruses for the treatment of cancer has been hindered by the paucity of immunocompetent experimental models. Thus, in many cases, it has not been possible to model comprehensively the interaction of the virus with the host immune system, because many of the viruses proposed for clinical use do not grow effectively in the rodent cell lines that can be grown as tumours in immune-competent animals. However, it is now clear that the three way interactions between the administered virus, the tumour and the host immune system are paramount in determining the therapeutic outcome of oncolytic virotherapy; moreover, it is not immediately apparent whether an intact immune system will augment, or diminish, therapy. Thus, antiviral immune responses may hinder both viral transduction and intratumoural spread, but may enhance antitumour clearance of virus-infected tumour cells. In addition, it has recently been shown that viral oncolysis stimulates effective antitumour immune responses and that therapy can, in some circumstances, be dependent upon intact T-cell responses in the treated host. 1 Finally, it is also unclear how to best model the immune system of the cancer patients who will be treated with oncolytic viruses in early phase trials and who, in most cases, will have undergone multiple rounds of alternative therapies, many of which are profoundly immunosuppressive. Therefore, the opportunity to study patient immune parameters both before and after virus treatment represents a critical step in the future development of oncolytic viruses, especially in the context of systemic delivery to metastatic disease. In this respect, we have recently completed a phase I dose-escalation study of intravenously administered reovirus type 3 Dearing (RT3D) in patients with advanced cancers (Vidal et al., submitted).
Reovirus is a non-enveloped, icosahedral, doublestranded RNA virus. It is a ubiquitous non-pathogenic agent, isolated from the respiratory and gastrointestinal tracts of humans 2, 3 and it has not been associated with a specific clinical syndrome. 4 Reoviruses are selectively able to kill cells with an activated Ras signalling pathway in vitro and in vivo, [5] [6] [7] [8] which can occur through Ras mutation or aberrant expression of upstream mitogenic signals such as overexpressed or mutated receptor tyrosine kinases. Therefore, reovirus represents a potentially useful treatment for a wide variety of solid and haematological tumours including pancreatic, colorectal, thyroid and lung cancers and acute myelogenous leukaemia. [9] [10] [11] [12] [13] RT3D is currently undergoing extensive evaluation in phase I and II clinical trials, either as a single agent or in combination with radiotherapy or cytotoxic chemotherapy.
Previous studies of viruses (either as vehicles for gene delivery or as oncolytic agents) have demonstrated that the occurrence of antiviral antibody responses may have an impact on their clinical efficacy.
14 In contrast to other viral and gene therapy approaches (such as virallydirected enzyme prodrug therapy), RT3D does not carry an exogenous transgene and, therefore, antibody responses will only occur against the virus itself. In addition to adaptive humoral responses, viral administration may also affect circulating populations of T lymphocytes and NK cells and may have effects on circulating cytokine profiles. 15 Such alterations to components of the adaptive and innate immune systems may, in turn, affect the antiviral and antitumour immune milieu. 16 A knowledge of the effects of viral administration on immune parameters will be an important component of the future development of viral vectors as cancer therapeutics.
Most healthy adults have anti-reoviral antibodies, in keeping with a high incidence of subclinical infection in early life. 3 When administering viruses as therapeutic agents, it is possible that the route of vector delivery may qualitatively and quantitatively influence the nature of the antiviral immune response. For example, intracranial and intralesional delivery (sites of relative immune privilege) may result in a different response to systemic intravenous administration. 17, 18 However, for oncolytic agents to find a meaningful role in the treatment of advanced cancers, it is likely that they will need to be used in a systemic setting.
In the studies reported here, we exploited the important opportunity provided by our clinical trial of systemic delivery of RT3D to closely monitor the evolution of the adaptive and innate immune responses to the virus. Significantly, the cohorts of patients in this trial represent a relatively broad cross-section of patients likely to be treated in increasing numbers in the future in similar trials. Here, we show that antibody titres are indeed raised to high levels-even in patients who were pre-immune to the virus at the start of the treatment. Moreover, we observed important changes in patient immune cell populations associated with virus administration, which have not been previously predicted. We propose that studies such as those reported here are critical to gaining a complete understanding of how the administration of oncolytic viruses will affect patient's immune systems and how this information can, in turn, be used to modify and improve future protocols for both local and systemic delivery.
Results
Titration of RT3D cytotoxicity against L929 cells L929 cells were shown to be extremely sensitive to RT3D-induced cytotoxicity. For both the 1:2 (Supplementary Figure 1A ) and the 1:10 (Supplementary Figure 1B) dilution series, cell survival was o20% at 48 h across the range of dilutions between 1:1000-1:6400, equating to multiplicities of infection of 1400 and 219, respectively. Thereafter, subsequent analyses were conducted at a multiplicity of infection of 350 to ensure that levels of cytotoxicity in the positive control (that is, cells infected with RT3D without addition of neutralizing goat polyclonal anti-reovirus antibody) were consistently 480%.
Reoviral neutralization by goat polyclonal antibody
Experiments were performed in which 2-, 3-, 4-and 10-fold dilution series of the goat polyclonal antibody were incubated with a 1:4000 dilution of RT3D stock (representing a multiplicity of infection of 350 against 2.5 Â 10 4 L929 cells per well). As before, cytotoxicity was determined by MTT assay at 48 h after addition of virus. Representative data are shown for the 1:2 (Supplementary Figure 2A ) and 1:10 (Supplementary Figure 2B) antibody dilution series. In all experiments, cells infected with RT3D at a multiplicity of infection of 350 without addition of neutralizing goat polyclonal anti-reovirus antibody showed at least 80% cell kill. Dilutions of the antibody up to 1:1000 were able to neutralize (at least partially) RT3D cytotoxicity such that survival was 420%. Beyond a polyclonal antibody dilution of 1:2048, no effective neutralization of reoviral cytotoxicity was seen. As a result of these studies, 1:3 dilution series of goat polyclonal anti-reovirus antibody and patient serum samples were used in all subsequent experiments to achieve a range of dilutions between 1:9 and 1:531 441. This ensured that in all cases the cytotoxic effect of RT3D was demonstrated at a level of cell survival of 20% or less.
Reoviral neutralization by clinical serum samples
Thirty-three patients (RL01-RL33) were tested for the presence of NARA. In 22 of the 31 patients (in three patients no pretreatment samples were available for assay), the pretreatment endpoint titre was 41/100 (that is, pretreatment serum needed to be diluted 4100-fold to restore reovirus cytotoxicity to 80% or more). Pretreatment and peak endpoint NARA titres are summarized for the whole study population in Figure 1 . Posttreatment endpoint titres were not assessable in patient RL29 because samples were not available. Peak endpoint titre increased to 41/10 000 in all but one of the patients and reached 41/100 000 in 23 of the 32 patients assessed. The median fold increase was 250, with a range of 9-6437.
Representative profiles for the evolution of the NARA response from patients in four different dose cohorts These data demonstrate a number of important features relating to the timing and magnitude of the immune response. In Figure 2a , the pretreatment serum was as effective as the goat polyclonal antibody in neutralizing RT3D cytotoxicity against L929 cells, suggesting the presence of preexisting immunity to RT3D in this patient. In contrast, Figure 2b clearly demonstrates that the patient was not preimmune to RT3D or had very low levels of NARA, as the serum samples taken and the pretreatment at day 2 were less effective than the goat polyclonal antibody.
Figures 2c and d demonstrate the opposite situation in which the patients had relatively higher (compared to patient from cohort 1 in Figure 4a ) preexisting titres of NARA. Despite these differences in the pretreatment level of anti-reoviral antibody, all patients demonstrated an early right-shift in the curve such that the maximum NARA titre was reached by day 7 in 12 patients and at day 14 in 20 patients. Thereafter, the titre remained constant during subsequent treatment cycles for the majority of the patients. An apparent late 'boost' in the NARA titre was seen in three patients (RL09, RL18 and RL19) ( Figure 2b , Supplementary Figure 4 ). The median final endpoint titre of NARA for the entire study population was 1:177 147. There appeared to be a trend towards a higher median final endpoint titre for patients in cohorts 1-6 compared to cohorts 7 and 8: 1/177 147 and 1/59 049, respectively.
PBMC subsets
Peripheral blood mononuclear cells (PBMC) subsets were analysed pre-and post-viral therapy in 21 patients from cohorts 3-8. Absolute numbers of cells were expressed as a proportion of total PBMC. Initially, we confirmed that our methodology yielded results that were in line with other published series by measuring all subsets in four healthy volunteers who had no active medical problems and took no medications ( Figure 3 ). Following exposure to RT3D and PBMC subset analysis showed quite marked heterogeneity (Figures 4a-l), but certain trends were observed and in some patients a correlation between specific subsets and therapeutic cycles was apparent. There was evidence of reduced CD3+CD4+ T-cells pretreatment (compared to the normal controls) in virtually all patients reflecting lymphopenia, perhaps associated with high disease burdens and previous extensive treatment. However, as a result of reoviral therapy, CD3+CD4+ T-cell numbers increased in ten (47.6%) patients (RL08, RL09, RL13, RL17, RL19, RL23, RL24, RL26 and RL27). Two patients (RL09 and RL19) apparently showed cyclical increases in CD3+CD4+ T cells over more than one cycle of treatment (Figures 4a-c). In contrast, the majority of patients had relatively high CD3+CD8+ T-cell levels (Figures 4d-f) relative to controls with seven (33.3%) patients (RL09, RL15, RL21, RL24, RL25, RL26 and RL27) showing incremental increase after therapy. In a proportion of patients, there was an indication of increased cytotoxic Tcell activation post-therapy as evidenced by an increase in CD8+perforin/granzyme+ T-cell numbers. Such changes were seen in five patients (RL09, RL13, RL17, RL19 and RL31) (Figures 4g-i) . Similarly, compared with controls most patients had high numbers of CD3ÀCD56+ NK cells in the circulation before therapy and in six (28.6%) patients (RL09, RL13, RL22, RL25, RL26 and RL27) this increased with treatment, with apparent correlation with cycles of reovirus therapy in two patients (RL09 and RL22) (Figures 4j-l) . Although regulatory (CD3+CD4+CD25+) T cells were seen to increase in response to therapy in two patients (RL09 and RL19), in all other patients the levels of CD3+CD4+CD25+ T cells were unaffected by the therapy (data not shown). Figure 1 Pretreatment and peak endpoint neutralizing anti-reoviral antibody (NARA) titres for patients in the eight dose levels of the trial. Pretreatment endpoint titre was >1/100 (that is, pretreatment serum needed to be diluted >100-fold to restore reovirus cytotoxicity to 80% or more) in 22/31 patients. Peak endpoint titre increased to >1/10 000 in 31/32 patients and to >1/100 000 in 23/32 patients. Patient RL29 did not complete the first cycle of treatment, hence no post treatment titres are available. Asterisks indicate that patients RL05, RL06, RL09, RL10, RL11, RL13-RL16 and RL28 all reached endpoint titres of at least 1/531 441.
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In view of previous clinical trial data demonstrating that a higher CD4/CD8 ratio may be a good prognostic feature, 19 we analysed this ratio over cycles 1 and 2. These data are presented in Figure 5 and demonstrate that in most patients the CD4/CD8 ratio remained relatively constant. It was not possible to correlate changes in CD4/CD8 ratios with clinical response because there were no objective responses in this population.
Cytokine analysis
Serum cytokine samples were analysed during pre-and post-viral therapy in 21 patients from cohorts 3-8. There was no consistent pattern of cytokine response to reovirus across the cohorts, indicating the absence of a dose-dependent effect. Overall, combined Th1 and Th2 cytokine expression increased in eight (38.1%) patients. A cyclical increase in IL-5 expression was seen in four patients (RL09, RL12, RL15 and RL21). A similar pattern was seen for IL-8 and IL-6 for two patients (RL22 and RL29); IL-2 for three patients (RL09, RL19 and RL22) and IL-12p40 for two patients (RL09 and RL12). Patient RL09 had the most consistent cyclical cytokine responses that are represented in Supplementary Figure 5 .
Correlation of immune profile with disease response or treatment-related toxicity A summary for each patient of the initial diagnosis, previous treatments and numbers of cycles of RT3D is provided in Table 1 . It was not possible to draw any conclusions about the relationship between adaptive and innate immune reactions and tumour response because none of the patients demonstrated an objective partial or complete response. Eight patients developed grade 3 lymphopenia (five patients-RL01, RL22, RL27, RL29 Immune responses to reovirus CL White et al and RL31) or neutropenia (three patients-RL20, RL26 and RL32). Interestingly, seven of these patients were treated in the two highest dose cohorts (1 Â 10 10 and 3 Â 10 10 for 5 consecutive days) and four of them failed to generate endpoint NARA titres of 41/100 000. Only two patients (RL03 and RL05) developed grade 3 infective episodes and both generated robust NARA responses (endpoint titres 41/100 000). There was no clearly defined relationship between PBMC or cytokine profiles and toxicity.
Discussion
The paucity of truly meaningful animal model systems in which it is possible to measure host immune responses to either locally, or systemically, administered oncolytic viruses makes the use of patient trials critically important. Here, we have studied the immune responses to intravenously delivered RT3D in a group of patients with established cancers, most of whom had been heavily pretreated.
Most notably, we observed profound effects on the levels of circulating anti-reoviral antibodies. Despite the fact that this was a heterogeneous group of patients who had received extensive prior treatment (surgery, radiotherapy and chemotherapy) for a variety of underlying malignant diagnoses, they were all capable of developing robust NARA responses such that the median endpoint antibody titre was 1/177 147 and the median increase above baseline was 250-fold. These data suggest that the notion that trial patients with extensive pretreatment will be severely immune compromised may not be as true as is commonly perceived-at least with regards to their ability to mount effective antibody responses.
These results are significant in various ways. First, it is likely that this humoral immune response will represent a very significant barrier to reovirus administered by the intravenous route, reaching and colonizing disseminated tumour deposits in patients once it is fully boosted. Therefore, we propose that the most effective systemic delivery of RT3D, and other oncolytic agents, will be achieved through rapid, repeated doses of virus at high titres within the first week of treatment, before the NARA response has been boosted. Second, these results provide a clear rationale for specific interventions to attenuate the development of the NARA response. It has been demonstrated in an animal model that combining RT3D with cyclophosphamide results in significant blunting of the NARA response and recovery of reoviral titres between 10 7 -10 8 plaque forming units per mg from tumour tissue (Qiao et al., submitted). Importantly, this animal model has also allowed us to explore the importance of the NARA response to the safety profile of RT3D. Cyclophosphamide dose schedules that blunt the NARA response are effective and safe but those that completely ablate detectable NARA, are associated with viral replication in normal organs and severe toxicities. These effects can be recapitulated by repeated RT3D injections into B-cell knockout mice (Qiao et al., submitted). Therefore, the development of a NARA response should be seen as a double-edged sword. On one hand, it has the potential to prevent RT3D from exerting a potent antitumour effect and, on the other, it can protect patients from unwanted toxic effects of systemically administered virus.
A strategy of attenuating the NARA response would appear to be worthy of examination in carefully designed phase I clinical trials. The ability to characterize the effects of cyclophosphamide administration on the evolution of the NARA response will be an essential component of the safety assessment of such a regimen. By developing a rapid 48-h assay that gives a readout of the ability of the NARA response to antagonize viral cytotoxicity, we are in a position to develop clinical protocols in which viral dosing decisions can be made on the basis of almost instant feedback from clinical trial samples. Phase I studies of combinations of RT3D with conventional cytotoxic drugs that are in common use in cancer patients (carboplatin plus paclitaxel, docetaxel and gemcitabine) are already underway and characterization of the effect of these regimens on NARA responses is being performed in our laboratory.
The different levels of NARA responses in the various cohorts also require explanation. In patients in the first six cohorts, only 1 of 19 (5.3%) failed to achieve an endpoint titre of 41/100 000. In contrast, 8 of 14 (57%) patients in the two highest dose cohorts (7 and 8) failed to generate this level of NARA response. It is noteworthy that only one patient in cohorts 1-6 developed grade 3 lymphopenia or neutropenia, compared to seven patients in cohorts 7 and 8. Significantly, four of these seven patients failed to generate endpoint NARA titres 41/ 100 000. Therefore, it is possible that increased leukopenia associated with high-dose systemic virotherapy may limit the extent of the neutralizing antibody response. 
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Another factor that may have contributed to the reduced levels of NARA endpoint titre in the two highest dose cohorts was prior exposure to lumbosacral or pelvic radiotherapy. This treatment is known to be associated with myelosuppression and may have blunted the patient's immune responsiveness. Only 4 of 19 (21%) patients in cohorts 1-6 received radiotherapy to the lumbosacral spine or pelvis, compared to 7 of 14 (50%) patients in cohorts 7 and 8. It is unlikely that exposure to cytotoxic chemotherapy played a role in the differences in endpoint titres seen between cohorts 1-6 and 7 and 8 since the mean number of chemotherapy regimens received by the patients in each of these groups were 1.58 and 1.57, respectively.
In addition to these data on changes in levels of NARA, we also observed some important changes in PBMC subsets. Despite heavy prior treatment, the baseline levels of CD3+CD8+ T cells were relatively normal (although those of the CD3+CD4+ T cells were reduced). However, encouragingly, a third of patients demonstrated increases in CD3+CD4+ and CD3+CD8+ T cells during treatment with RT3D. In some cases these changes were marked (for example, RL09) and showed a very clear cyclical pattern relative to the administration of the study agent. Similarly, the level of CD3ÀCD56+ NK cells was increased during treatment with RT3D in a number of patients. We believe that these results are significant because they indicate that these patients, Immune responses to reovirus CL White et al despite prior myelotoxic treatment, can still respond immunologically in a fairly robust manner. Without further investigation of the specificity of these cell subsets, it is not possible to be definitive about the significance of the increases. However, it is tempting to speculate that they would be beneficial to the therapeutic effects elicited by the RT3D agent. This could be either through the clearance of virally infected tumour cells themselves (antiviral T-cell responses) or through the generation of genuine antitumour immune specificities (antitumour T cells). Vile and colleagues have recently reported that the efficacy of oncolytic virotherapy with vesicular stomatitis virus is critically dependent upon intact NK and CD8+ T-cell compartments. 1 Therefore, the presence of increased CD8+ and NK cell populations following reovirus therapy is encouraging. We were unable to detect any significant alteration of Treg responses in the patients treated with reovirus. Once again, in animal models using vesicular stomatitis virus it has been reported that Treg depletion actually decreased vesicular stomatitis virus-mediated virotherapy, co-incident with increased antiviral immune responses and viral clearance from the tumour. 1 Conversely, it has been shown that Treg depletion in the absence of oncolytic virotherapy augments antitumour immune responses. Therefore, we will develop future protocols in which Treg numbers, and activity, are altered in patients receiving RT3D, to test their role in mediating antiviral and antitumour immune responses.
Finally, our analysis of cytokine responses in these patients was difficult to interpret. In this respect, the heterogeneity of the patient population may have been a disadvantage. It seems probable that specific cytokine responses, which correlate with treatment success, or failure, will be highly dependent upon multiple factors including tumour type, HLA type, tumour location and cytokine response. Future studies focusing on specific patient groups, which can be related to immunological endpoints as well as metrics of treatment success, will be required before reproducible cytokine changes can be associated with either positive or negative biological responses. Nonetheless, the observation that over onethird of patients showed increased levels of Th1/Th2 cytokines is itself encouraging and consistent with our results from the studies of PBMC subsets showing increased immune stimulation in these patients by the virus treatment. These data also contrast with those from a study of adeno-associated virus in Canavan disease, in which selective induction of the Th2 cytokine IL-10 was seen. 15 In summary, we have analysed the immune responses to intravenous administration of an oncolytic agent in a highly valuable, and relevant, population of patients. Our data indicate that future protocols should be biased towards rapid, repeated administrations of virus before the full force of the NARA response is developed. They also support the development of interventions aimed at blunting this NARA response, although our pre-clinical data also suggest that maintaining a baseline NARA level is necessary to restrict systemic spread/toxicity of the virus. We have also shown that even extensively treated patients show clear signs of T-cell-mediated immune stimulation following virus delivery. Although we have not yet shown the specificity of such responses, these results suggest that intravenous administration of RT3D is associated with immune stimulation that could significantly enhance the efficacy of oncolytic virotherapy. These data will drive the development of new trials that take into account the complex interactions between virus, tumour and patient immunity to maximize the chances of therapeutic success. 
Materials and methods

Cell lines
MTT assay
Cell viability was quantified using an MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide) assay, 20 ml of MTT (Sigma-Aldrich, Poole, UK) at 5 mg ml À1 in PBS was added to treated cells in a 96-well plate. After 4 h incubation at 37 1C, crystals were solubilized in dimethyl sulphoxide and absorbance was measured at 550 nm on a SPECTRAmax 384 plate reader (Molecular Devices, Downington, CA, USA).
Trial subjects and dose escalation schema
Thirty-three patients (23 men, 10 women, median age 59 (range 32-80) years) were enrolled into a phase I dose escalation study of intravenously administered singleagent RT3D and treated over eight dose levels with a total of 76 cycles (median 2, range 1-6). The majority of the patients had treatment-refractory advanced-stage RL09  RL12  RL13  RL15  RL16  RL17  RL18  RL19  RL20  RL21  RL22  RL23  RL24  RL25  RL26  RL27  RL28  RL29  RL31  RL32 patient number CD4/CD8 ratio Figure 5 CD4+/CD8+ ratios for patients treated with RT3D. In spite of the trend to increased CD4+ and CD8+ levels in 47.6 and 33% of patients, respectively, the ratio remained unchanged in the majority of patients.
Immune responses to reovirus CL White et al cancer. Details of their diagnoses, prior therapies and the number of cycles of RT3D received by individual patients are presented in Table 1 . None of the patients received additional concomitant anticancer therapy (chemotherapy, radiotherapy or biological therapy) while they were treated with RT3D. Patients provided serial blood samples for analysis of NARA titres (33 patients), PBMC subset (21 patients) and plasma cytokine analysis (21 patients). RT3D was administered as a 1 h intravenous infusion once every 4 weeks for the first cohort, over 3 consecutive days every 4 weeks for the second cohort and over 5 consecutive days every 4 weeks for the third and subsequent cohorts. The dose escalation scheme is summarized in Table 2 , which also identifies the number of patients in each cohort who participated in the immune profiling studies. The clinical trial protocol was approved by the local Research Ethics
Committee and all patients gave written informed consent to participation and provision of study samples.
Schedule of clinical samples
Patients provided blood samples while pretreatment and at multiple time points during the first week and then weekly thereafter. Indicates that patient RL18 received 2 full cycles of RT3D and 2 of 5 days of cycle 3.
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NARA assay
The methodology used for analysis of NARA was modified from Yang et al. (2004) . 20 Ten millilitre blood samples were obtained in the week before the start of treatment and weekly after each cycle of RT3D administration. Within a maximum of 4 h of the sample being taken, clotted blood samples were centrifuged at 3000 r.p.m. for 10 min at room temperature and serum was stored at À80 1C in 500 ml aliquots until analysis. Samples from individual patient cohorts were batched and analysed simultaneously.
To determine a suitable virus dilution for subsequent assay, L929 cells were plated in 96-well plates at 2.5 Â 10 4 cells per well and incubated overnight at 37 1C and 5% CO 2 . RT3D stock (3.5 Â 10 10 ml
À1
) was added in two dilution series (2-and 10-fold) across the plate such that the final dilutions of the two series were 1:204 800 and 1:10.
12 After 2 h, the RT3D inoculum was removed and replaced with growth medium. After a further 48 h, cell survival was measured by MTT assay.
To establish a suitable dilution series for the estimation of neutralizing antibody levels in the clinical specimens, the above experiment was repeated with a constant titre of RT3D (known to cause 80% cell death) that was preincubated with a dilution series of goat polyclonal antireoviral antibody. Experiments were performed with 2-, 3-, 4-and 10-fold dilution series of the goat polyclonal antibody and cell survival was measured at 48 h by MTT assay as before. For experiments with the clinical serum samples, a positive control of goat polyclonal antibody was always included and the patient sera were initially heat-inactivated at 56 1C for 30 min.
PBMC preparation and analysis
Human PBMC were prepared by centrifugation of fresh human peripheral blood over Ficoll-Hypaque (SigmaAldrich). Thereafter, the plasma was decanted and stored at À70 1C for subsequent cytokine assay (see below). PBMC were divided into 1 Â 10 5 aliquots and stored in freezing mixture (12% dimethyl sulphoxide, VWR International Ltd., Poole, UK) and stored at À70 1C until analysis. For external staining, the cells were washed with FACS buffer (PBS plus 0.6% bovine serum albumin and 0.6% sodium azide) and then stained in combinations of monoclonal antibodies in 96-well U-bottomed microtitre plates. The following monoclonal antibodies were used for staining (plus the appropriate isotype
